[DEXyESI

Acta Microbiologica Sinica

2023, 63(2): 623-637
http://journals.im.ac.cn/actamicrocn
DOI: 10.13343/j.cnki.wsxb.20220412

gl
L

Research Article Bitik=s

o,
Ty

B B A 5k Xof R £ 14 B3 00 /) FR R O 8 BR RO 2 i

ERE EAY Fast XEE Y T, BEY

1 BApiT Rt A IE AR TR L, BRI WA/REE 150500

2 BRVLRA Al b SRV JE AR B S IR T B e s, BJETE IG/RIE 150080
3 BIpTTAEMFLABERHIFAL , BIEVT W/REE 150081

4 AR IIE RN AL XA S BRI 2EBe, ) AR W2 516600

e, £, SIuhl, K e, WL, HSE. BRI BN Bk TE R ) BUS E @R RZ ], BUEY SRR, 2023, 63(2):
623-637.

CHU Fuying, WANG Miao, LI Yuanjing, ZHANG Yanlong, LEI Hong, FENG Lei. Effect of ferrous sulfate on intestinal health
of mice with iron deficiency anemia[J]. Acta Microbiologica Sinica, 2023, 63(2): 623-637.

 E.L[86] § AR IEEK(FeSO,)T 44k 4 7 A (iron deficiency anemia, IDA)-J~ &% i f&
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RGHET FeSO, 3 A, thxBFXK), £lask Rt kA4, [4R]KE4 e}, 5 IDA 4481k, IDA-Fe*
HNRGamit., it kG, AmiER. FHa@ AR, P amibhaia g, FYLam
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# 3 E 4 Occludin 2 F AK(P<0.001), IDA-Fe*'285 IDA 20184 ) % 3 BAL L /) (TAC)S1 3 L £
F R FME(P>0.05). LA HE # &4 R A0 HSxrRa4atl, IDA 40/ R a4 AR R & &
Y5, FEMEE LR mICHED| BRI, BEH BEE4%. B F FeSO, 3 AJE, MEZ| IDA-Fe* 40 R A1 &
LR MBS AR, BRI BRI A ARG AR, B BEES. S REMAENBEIITY
Illumina MiSeq HiB ENF 2% &8, IDA 2 FH D AMEBHTI, DS HHEHRIEZART
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Abstract: [Objective] To explore the effect of ferrous sulfate (FeSO4) on the intestinal health
of iron deficiency anemia (IDA) mice. [Methods] A total of 45 24-day-old male Kunming mice
with initial body weight of (16.0+1.2) g were randomized into 3 groups (15 in each): control
group (normal diet, distilled water), IDA group (low-iron diet for 2 weeks for modeling,
deionized water), and IDA-Fe*' group (after modeling, gavage with FeSO4 for 3 weeks,
deionized water). Sampling performed at the end of the experiment. [Results] Anemia indexes
of mice in IDA-Fe*" group, such as erythrocyte, hemoglobin, hematocrit, mean corpuscular
volume (MCV), mean corpuscular hemoglobin (MCH), and mean corpuscular hemoglobin
concentration (MCHC), returned to normal levels compared with those in the IDA group
(P>0.05), indicating that FeSO4 can alleviate IDA. Compared with the control group, IDA and
IDA-Fe®" groups had high levels of oxidative stress indexes and tumor necrosis factor a
(P<0.01) and low level of Occludin (P<0.001). The indexes, except for the total antioxidant
capacity (TAC), were insignificantly different between the IDA-Fe*” and IDA groups (P>0.05).
As for the hematoxylin and eosin (HE) staining results of colon tissue, the IDA group showed
atrophy of colonic mucosa, defective arrangement of epithelial cells in mucosa, and atrophy of
lamina propria. After intragastric administration of FeSO4 for 3 weeks, IDA-Fe*" group still
demontrated defective arrangement of epithelial cells in the mucosa, necrotic and defective
acini of mucosa, and atrophy of lamina propria. According to the results of Illumina MiSeq
high-throughput sequencing of fecal microbiota, IDA could lead to the disorder of intestinal
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microflora and the variation of diversity indexes (Shannon, Chaol, Ace, and Simpson indexes)
of intestinal flora (P<0.05). IDA-Fe*" group showed significant increase in diversity indexes of
the flora and improvement of the overall structure of intestinal flora as compared with the IDA
group (P<0.05). To be specific, at the phylum level, the abudance of Bacteroidetes decreased
(P<0.05) and that of Verrucomicrobia increased (P<0.01), both returning to the normal levels.
At the genus level, the abundance of the dominant genera changed. The abundance of the
beneficial Akkermansia and Coprobacter increased (P<0.05) and that of the pathogenic
Parabacteroides decreased (P<0.01). [Conclusion] FeSO,4 can alleviate IDA symptoms by
improving the blood indexes, but failes to improve the oxidative stress indexes, inflammation
indexes, and colon tissue pathological changes of IDA mice. However, FeSO4 can increase the
diversity of intestinal flora and the abundance of main dominant flora in IDA mice, raising the

abundance of beneficial bacteria and reducing the abundance of pathogenic bacteria.
Keywords: iron deficiency anemia (IDA); oxidative stress; gut microbiota
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FT 1 EREREEEE DR INE % E R
Table 1

Peripheral blood routine of mice in each group at the end of modeling period

Group Hb (g/L) RBC (10'%/L) HCT (%) MCV (um?®)
Control 160.33+3.57 10.33+0.27 51.841.57 51.7+1.77
IDA 84:+7.61%%* 6.06::0.817%* 31.58+1.80%** 42,8842 73% ¥

** and *** respectively indicate the significance of P<0.01 and P<0.001 levels in the model group compared with the control group.

2.2 FeSO, ¥ IDA /N5 I & 35 #% B9 521
/N IR LA R A8 2 R, HEE
FeSO, 3 FJ&, IDA-Fe*"#/MNi iy RBC. Hb.,
HCT. MCV. MCH # MCHC A%} T IDA 243451
WETHE T 40.41% (P<0.01), 45.81% (P<0.001),
37.03% (P<0.001). 14.45% (P<0.001). 17.68%
(P<0.01). 3.08% (P<0.05), SxfMAAMIE T
25 1 E M (P>0.05),
2.3 FeSO4 Xt IDA /INRZ5BA & 1L B8 FR
B %2 M)
w3 Frs, SXTRE4AEE, IDA 41/

A 15+ B 250
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12F 200 (-
S -
< 9 3 190F
> 6f 2 100 F
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P g0 E 20
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60 - x 15
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> 40F ~ 10F
&) jan
= s
20 - S5r
Control IDA  IDA-Fe** Control

2 FeSO4 ¥t IDA /R I & BY 1k & 3R

IDA

45 TAC W 2% K&k 23.73% (P<0.001) ,
MDA . -OH. O, 437l 2 & F+5E 69.83% (P<0.001).
19.12% (P<0.01). 16.92% (P<0.001); 4%
FeSO, Jii , IDA-Fe? 4/ B R P8 AR 34 AR &L
ZEIEHE K.
2.4 FeSO, %t IDA /NNREE A K AEFB K IEFR
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WME 4 fr, SXTRE4MHE, IDA 4/
45l Hh TNF-o 5.2 7155 (P<0.001) , Occludin &2
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Figure 2 Recovery effect of FeSO,4 on hemogram of IDA mice. A: RBC. B: Hb. C: HCT. D: MCV. E: MCH.
F: MCHC. *, ** and *** respectively indicate the significance of P<0.05, P<0.01 and P<0.001 levels in IDA
and IDA-Fe*" groups compared with Control group. #, ## and ### respectively indicate the significance of
P<0.05, P<0.01 and P<0.001 levels in IDA-Fe*" group compared with IDA group. The same below.
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Figure 5 Histomorphology of colon of mice in each group. A: Control. B: IDA. C: IDA-Fe".
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Figure 6 Alpha diversity indexes of intestinal flflora in each group of mice. A: Shannon index. B: Ace

index. C: Chaol index. D: Simpson index.
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Figure 9 Relative abundance of microorganisms in different groups of mice. A: Bacteroides. B:
Akkermansia. C: Parabacteroides. D: Alistipes. E: Clostridium XVII. F: Falsiporphyromonas. G:
Helicobacter. H: Alloprevotella. 1. Coprobacter. J: Bilophila.

WEH KN, H Alloprevotella . Bilophila Bfi#& 3 -i,ﬁ»-i’,f,_\l_fgj %i{ﬁ
FeSO, YA .25 JH 155 (P<0.01, P<0.05). J3 4t
A1 &I Bacteroides . Helicobacter 115} BE4H BRERNE LM — M L, L M4

M IDA 4P FBEENE, #M70 FeSO. )5, IDA-Fe**  ARUARBRYEMEFENEL, Wt 2 Rl BT 5%
211 Bacteroides .Helicobacter ‘i 38 I1(P<0.05) . TR HE DLRARE . FeSO4ME N # WA FE 7],

P4 actamicro@im.ac.cn, & 010-64807516



RRIE | AR, 2023, 63(2)

633

FEIRIT IDA Jr 1A 2] T 7 iz s U, AR g
HETIAIFSE L P, IDA £ S2UN4E I 2 A8 1
BifigmB AR AL, ik, AR50 e i 0T A
FEMSERE TR AR R 37 IDA /N RS
WL IDA /N FeSO, ¥R FeSO, 7EIRYT
IDA X /I B 2 (e B 1 52 i) 285 SR (27 FeSO4
REWS 0 25 23 1 H A Y RBC. Hb. HCT.
MCV., MCH il MCHC %% [l 4645, X5 EAE
SRR 45 R —2, 6B FeSO, i SLRE Sk
% IDA SEAR .

WFoR 2B, IDA KA, PRS-l 5
A M, FEPUARARETT IR, RAERN
WA, S MDA FREET S, FLE
(1) At et 2 SRR TAC B R, 3
ISt S R R DL R85, Ao R, Afbh
WOT B0 b R AR s, i AR BT Ak
Jei AT YUK 240 i ) 1 5 5 4 0 g R A B
T ZBEAL N B ESN, ez B RAER T
TNF-a 520, TNF-o A 38 325 00 40 i 55 5% i
1 Occludin FRIK, HIZBIR BB &,
51 MR R AE B Ry P23 A 5T 45 Rt 2 W
IDA 2:'F 845 TNF-o & it i & T+, Occludin
THEBERAR, 4 bRz B, o, 4
1o B A N AR T e S A DG, LAz B
WO R, Fe'aTEIRNYE H,0, 45 A Kk
Fenton JZ Vi r=4=-OH, MRS MiE, T84
J FR T A R R A, DA 5 | A AR AR I
i, Wi bR A se st , 51 & 9omER ),
TEARIFEH, #MIE FeSO, /N &S 7 AL I %
febR  RIAEFEFR , 45l b 0 1E DL 43 5 IDA
AIAARL. A EARIN, ATEEE R T Fe fEM
BN LA Fenton S0 B4R H B &, o — 20
WA W b B A M B 45 i A 4 o

RN T 1A B oA F AR SR AN AT
TR H Bk G T TN 1 3 R TR B L AT A

M, BRR A F B AR AL, B2 s wE
AN B s o T BIBOR T T
S S AE Y KA R JEPO. Pereira 250 IIFSE
F28H | Bacteroidetes . Firmicutes . Proteobacteria
SN FEAN R R () A RO 2R i 5 IDA /N B
% EEEBE . Muleviciene 2P % Il IDA & HE
W H Bacteroidetes 1 Proteobacteria W& 5,

Verrucomicrobia =EJERIREAL, X 54097 45
R—F, UL FeSO4 A LAZZ % IDA 5|y 3
BRI A4k . Bacteroides JE=WZL ¥
EHR—NFEEE, BT S E @
FITEEVERT, WA R — 8 ik 5 0.

BATEE R LRI, #MFE FeSO4J5 Bacteroides
FH R EF . Akkermansia muciniphila 1FH—
FBTERS A TR, 5 9T 2 A At
7REy AR R B O IDA N B Akkermansia
muciniphila = % i 3% &K, #F7& FeSO, J&
Akkermansia muciniphila =% B T+ 5 , £HIZ
PHTE FeSO, (3% IDA il & rp o] B & ¥ H 24
F, WX A E AT RE S 45 i RAE A . BF
35X, Parabacteroides M Lactobacillus WA
YR Skt B AMISE, Parabacteroides &
REAS 5 | I I oA IR | ¥ S5 5 s 1) R DG 2
g i L RS A B R BT, IDA /N
Parabacteroides F- i it Z T+, #M7t FeSO, )i,
HE R B RAL . Alistipes & FEAFTEMERE A
WiEd i) — R 22 IR, 7T RBUGE R
JEWH R SERAFRI, #MIE FeSO, HiJA
Alistipes F-PEY R E T K. Falsiporphyromonas
ST PP LR TR TR , AR FIE FE A T H 53k
BRI RE ST, HAXHIZR A K s R G
AR AR R B8 IDA /MR
Falsiporphyromonas =% i Z [, #8578 FeSO,
J& Falsiporphyromonas £ RN, FHIZX
WSS R, 51 E A RRATE R TE P K

http://journals.im.ac.cn/actamicrocn



634

CHU Fuying et al. | Acta Microbiologica Sinica, 2023, 63(2)

o WHRRY, B REH Coprobacter
F R ERANET AT S R BMCRAE T
Coprobacter - B F#L, #MFE FeSO, il i &
P& Coprobacter WFFE . WiR BRI & &
LR EORTE Alloprevotella F1 Helicobacter, S
B A 6 D DA 52 W) 0 52 4% i P %
S, HX 2 RS S TNF-a S IEARSEHT, LU
I EARMRGE R, BHX 2 P RERE
iy FeSO, ™ 3% IDA %5 % R 4iE . Bilophila
wadsworthia &— 0 N\ 18 WEAE bR ™
IRAER, SR . 45hRERmAa XY,
P IR UM FEAE, nl e F B A R AE
S FRATA S A R IR NN FE FeSO,
J& Bilophila ¥ /K V-31k . Clostridium difficile
infection (CDI)J& B J7 P/ AH G 75 19 &
AR, RGLE R Clostridium XVIII 5 &
FkP AW SR R IDA /N Clostridium
XVIII F£ X RE T, U IDA B0
Il PRAE AR AT BB 5% R A K.

25 FRTIR, #MFE FeSO, A A UK IDA /)y
BRI G FR PR s 700, R 4275 IDA /MR
Wi R . WS 2R RR R, By
fi lFRE, WA FEW R, BA—E R
B R REERT, (HRREIRSE IDA /NI 4L
NAE PR . RIEFE PR AN S BB s 0 o Ui P R 18
B HETE FeSO, 3% IDA R FE R i RE LI FE T
VER, $ETFRMANTE AT DL TP ZE R RESI B | 2608
FEAE . RT3 B K PN RE S IR S5 T ok BAR IR S
FeSO, & 5 1] LUl 14 7 18 B AF 43 IDA EAR .

S

[11 BAHDILA D, MARKOWITZ K, PAWAR S, CHAVAN
K, FINE DH, VELLIYAGOUNDER K. The effect of
iron deficiency anemia on experimental dental caries in
mice[J]. Archives of Oral Biology, 2019, 105: 13-19.

[2] SCHWARTZ AJ, CONVERSO-BARAN K, MICHELE

<l actamicro@im.ac.cn, & 010-64807516

DE, SHAH YM. A genetic mouse model of severe iron
deficiency anemia reveals tissue-specific transcriptional
stress responses and cardiac remodeling[J]. Journal of
Biological Chemistry, 2019, 294(41): 14991-15002.

g AT AU IO P XS 1 RS 5 B ) B 11 5 1
A K G i g 3B B AU D B BIESE (D). 3820 1R
A R AR 2083, 2014

ZHANG ZH. Effects of oxidative stress on the
intestinal barrier function of broiler chickens and the
research of substance to relieve the injury[D]. Taian:
Master’s Thesis of Shandong Agricultural University,
2014 (in Chinese).

SRR, AR P EEHCAR WY AR LR B R A B S AL
FA/EFRMLHIDFSE [D]. B il K2 L2 68 3,
2016.

JIN XL. Mechanisms underlying the cytoprotective
effects of resveratrol against oxidative stress in bovine
mammary epithelial cells[D]. Hangzhou: Doctoral
Dissertation of Zhejiang University, 2016 (in Chinese).
MERONO T, DAUTEUILLE C, TETZLAFF W,
MARTIN M, BOTTA E, LHOMME M, SAEZ MS,
SORROCHE P, BOERO L, ARBELBIDE 1,
CHAPMAN MJ, KONTUSH A, BRITES F. Oxidative
stress, HDL functionality and effects of intravenous
iron administration in women with iron deficiency
anemia[J]. Clinical Nutrition, 2017, 36(2): 552-558.
CHENG XR, GUAN LJ, MUSKAT MN, CAO CC,
GUAN B. Effects of Ejiao peptide-iron chelates on
intestinal inflammation and gut microbiota in iron
deficiency anemic mice[J]. Food & Function, 2021,
12(21): 10887-10902.

g, B2, S3C, AW, XWLe, £, B,
WA SC. TR CHEE BB P 22 1 fE B R R B (0],
I R B2 A2, 2014, 42(10): 87-90.

MA W, XIA'Y, GUO LW, ZHOU T, LIU HX, WANG C,
HOU L, CHEN XY. Risk factors of iron deficiency
anemia in different populations[J]. Chinese Journal for
Clinicians, 2014, 42(10): 87-90 (in Chinese).

K. 3 2507 83607 /N LB % I A4 Fre /N A
SAHT[I]. R EBURZG N, 2010, 4(11): 129-130.
SONG T. Minimum cost analysis of three medication
schemes for the treatment of iron deficiency anemia in
children[J]. Chinese Journal of Modern
Application, 2010, 4(11): 129-130 (in Chinese).
URSO K, LEAL MARTINEZ-BUJANDA J, DEL
PRADO JM.

management of iron deficiency anemia: a comparative

Drug

Iron protein succinylate in the

study with ferrous sulphate at low and high therapeutic



RRIE | AR, 2023, 63(2)

635

[12]

[16]

[19]

doses[J]. Nutrients, 2021, 13(3): 968.

AKSAN A, SCHOEPFER A, JUILLERAT P,
VAVRICKA S, BETTENCOURT M, de ARELLANO
AR, GAVATA S, MORIN N, VALENTINE WJ, HUNT
B. Iron formulations for the treatment of iron
deficiency anemia in patients with inflammatory bowel
disease: a cost-effectiveness analysis in Switzerland[J].
Advances in Therapy, 2021, 38(1): 660-677.
STALLMACH A, BUNING C. Ferric maltol (ST10): a
novel oral iron supplement for the treatment of iron
deficiency anemia in inflammatory bowel disease[J].
Expert Opinion on Pharmacotherapy, 2015, 16(18):
2859-2867.

HE H, HUANG Q, LIU CC, JIA SR, WANG YW, AN
FP, SONG HB. Effectiveness of AOS-iron on iron
deficiency anemia in rats[J]. RSC Advances, 2019,
9(9): 5053-5063.

LIN L, ZHANG JQ. Role of intestinal microbiota and
metabolites on gut homeostasis and human diseases[J].
BMC Immunology, 2017, 18(1): 2.

YOON MY, YOON SS. Disruption of the gut
ecosystem by antibiotics[J]. Yonsei Medical Journal,
2018, 59(1): 4-12.

A . AR A R B Y BT RO AL B Y
WFFE[D]. HEZE: POl R 2 A 18 5L, 2007.
YUAN SB. Impacts of oxidative stress on piglets and
the anti-stress effects and mechanism of selenium[D].
Ya’an: Doctoral Dissertation of Sichuan Agricultural
University, 2007 (in Chinese).

W, EICR, INVRAE, INSE. AR R
Bl Al B B o B R PR II). BRDRHIESE, 2012(6):
36-37, 41.

PAN BH, WANG WIJ, SUN XF, SUN DY. The role of
microorganisms in maintaining the integrity of
intestinal barrier[J]. Feed Research, 2012(6): 36-37, 41
(in Chinese).

SHAWKI A, MCCOLE DF. Mechanisms of intestinal
epithelial barrier dysfunction by adherent-invasive
coli[J].  Cellular
Gastroenterology and Hepatology, 2017, 3(1): 41-50.
B =L DR AR S PP BRI 525 T M.
AUt AR T BT R, 2003.

HUANG YS. Health Food Inspection and Evaluation
Technical Specification Implementation Manual[M].

Escherichia and  Molecular

Beijing: Tsinghua Tongfang Electronic Press, 2003 (in

Chinese).
WeE. Ml e pz W IR 20 A i B W RSB0 3% 103 1 7

FFE[D]. T RS2 122 A8 3, 2013.

[25]

YANG X. Study on the antianemia activity of gelatin
skin[D].
Qingdao: Master’s Thesis of Ocean University of
China, 2013 (in Chinese).

FIRIEL. BAT 45 B D RE B9 FLIR T A O 1k 5
PLHIBESE[D]. JoBh: VLR R L 2A 0 i85, 2017.
WANG EY. The screening of Lactobacillus which can
suppress colorectal cancer and the research of its

from walleye pollock skin and Tilapia

mechanism[D]. Wuxi: Master’s Thesis of Jiangnan
University, 2017 (in Chinese).

B, RO, W B ZGRESE S R M. b
NETUAE Hi kL, 2007.

MIAO MS, ZHU FP. Commonly used animal models
for medical research[M]. Beijing: People’s Medical
Publishing House, 2007 (in Chinese).

CAPPELLINI MD, MUSALLAM KM, TAHER AT.
Iron deficiency anaemia revisited[J].
Internal Medicine, 2020, 287(2): 153-170.
Tk, MG, EHk, B, RS, R, sk
A M (IDA)G I B/ RS i ()], IR H AR
Rl2g224, 2019, 36(2): 212-218.

WANG M, WAN P, ZHU L, CHENG W, SONG D, LEI
H. Colonic injury in mice caused by iron deficiency
anemia (IDA)[J]. Journal of Natural Science of
Heilongjiang University, 2019, 36(2): 212-218 (in
Chinese).

FAE, WA, XEKE, HHE2. NAREREKE R
BT SRERPE ST I A R B [0]. SRR, 2021,
27(31): 63-65.

WANG Z, CHANG H, LIU QX, CAO XZ. Analysis of
curative effect of small dose of iron combined with

Journal of

probiotics in the treatment of patients with iron
deficiency anemia[J]. Contemporary Medicine, 2021,
27(31): 63-65 (in Chinese).

AKCA H, POLAT A, KOCA C. Determination of total
oxidative stress and total antioxidant capacity before
and after the treatment of iron-deficiency anemia[J].
Journal of Clinical Laboratory Analysis, 2013, 27(3):
227-230.

BAY A, DOGAN M, BULAN K, KABA S, DEMIR N,
ONER AF. A study on the effects of pica and
iron-deficiency anemia on oxidative stress, antioxidant
capacity and trace elements[J]. Human & Experimental
Toxicology, 2013, 32(9): 895-903.

F8. IR AT A PR A ST PRI SE D).
R TOR RS 3= 68 3¢, 2015

WANG Q. The study on antioxidant activities of

kaempferol sulfonate derivatives in vitro and vivo[D].

http://journals.im.ac.cn/actamicrocn



636 CHU Fuying et al. | Acta Microbiologica Sinica, 2023, 63(2)
Chongqing: Master’s Thesis of Southwest University, colon tumorigenesis[J]. Nutrients, 2013, 5(7):
2015 (in Chinese). 2333-2351.

[28] ALTUN D, KUREKCI AE, GURSEL O, [36] MAYNERIS-PERXACHS J, CARDELLINI M,
HACIHAMDIOGLU DO, KURT I, AYDIN A, OZCAN HOYLES L, LATORRE J, DAVATO F, MORENO-
O. Malondialdehyde, antioxidant enzymes, and renal NAVARRETE JM, ARNORIAGA-RODRIGUEZ M,
tubular functions in children with iron deficiency or SERINO M, ABBOTT J, BARTON RH, PUIG ],
iron-deficiency anemia[J]. Biological Trace Element FERNANDEZ-REAL X, RICART W, TOMLINSON C,
Research, 2014, 161(1): 48-56. WOODBRIDGE M, GENTILESCHI P, BUTCHER SA,

[29] SHIGETOMI K, ONO Y, INAI T, IKENOUCHI J. HOLMES E, NICHOLSON JK, PEREZ-BROCAL V,
Adherens junctions influence tight junction formation et al. Tron status influences non-alcoholic fatty liver
via changes in membrane lipid composition[J]. The disease in obesity through the gut microbiomel[J].
Journal of Cell Biology, 2018, 217(7): 2373-2381. Microbiome, 2021, 9(1): 104.

[30] JOO HC, CHOI JW, MOON H, LEE CY, YOO KIJ, [371] PEREIRA DIA, ASLAM MF, FRAZER DM,
KIM SW, HWANG KC. Protective effects of SCHMIDT A, WALTON GE, MCCARTNEY AL,
kenpaullone on cardiomyocytes following GIBSON GR, ANDERSON GJ, POWELL JJ. Dietary
H,0,-induced oxidative stress are attributed to iron depletion at weaning imprints low microbiome
inhibition of connexin 43 degradation by SGSM3[J]. diversity and this is not recovered with oral nano
Biochemical and Biophysical Research Fe(III)[J]. Microbiology Open, 2015, 4(1): 12-27.
Communications, 2018, 499(2): 368-373. [38] MULEVICIENE A, D’AMICO F, TURRONI S,

[31] MANDA B, MIR H, GANGWAR R, MEENA AS, CANDELA M, JANKAUSKIENE A. Iron deficiency
AMIN S, SHUKLA PK, DALAL K, SUZUKI T, RAO anemia-related gut microbiota dysbiosis in infants and
R. Phosphorylation hotspot in the C-terminal domain young children: a pilot study[J]. Acta Microbiologica
of occludin regulates the dynamics of epithelial et Immunologica Hungarica, 2018, 65(4): 551-564.
junctional complexes[J]. Journal of Cell Science, 2018, [39] WANG C, ZHAO JX, ZHANG H, LEE YK, ZHAI QX,
131(7): jes206789. CHEN W. Roles of intestinal bacteroides in human

[32] WATARI A, SAKAMOTO Y, HISAIE K, IWAMOTO health and diseases[J]. Critical Reviews in Food
K, FUETA M, YAGI K, KONDOH M. Rebeccamycin Science and Nutrition, 2021, 61(21): 3518-3536.
attenuates TNF-a-induced intestinal epithelial barrier [40] ZHAI R, XUE XH, ZHANG LY, YANG X, ZHAO LP,
dysfunction by inhibiting myosin light chain kinase ZHANG CH. Strain-specific  anti-inflammatory
production[J]. Cellular Physiology and Biochemistry: properties of two Akkermansia muciniphila strains on
International Journal of Experimental Cellular chronic colitis in mice[J]. Frontiers in Cellular and
Physiology, Biochemistry, and Pharmacology, 2017, Infection Microbiology, 2019, 9: 239.

41(5): 1924-1934. [41] FaWg, FA8, ZFW, &T. BEEON WS HER

[33] &K, #IKA, Mok, R4ek, Wi, Blr, 9o oP R DR AP PR AR T R AL W 7S E e (D], R 927 id
SREAR. 21 H WX 738 b 1 25 | M 83 i 1 #iz, 2022, 49(5): 1912-1926.

5 B B 5 B i 2 i [J]. Sh4 8 37 4, 2018, 30(6): TAO Q, WANG L, PENG YM, GAO Q. Protective
2097-2108. effect of Akkermansia muciniphila in diseases and the
XIA B, MENG QS, XIE JJ, WU WD, FENG XH, mechanisms[J]. Microbiology China, 2022, 49(5):
TANG XF, ZHANG HF. Effects of weaning at 21 days 1912-1926 (in Chinese).

of age on intestinal morphology, permeability and [42] 1a CARPIA F, WOJCZYK BS, ANNAVAJHALA MK,
mucosal barrier of piglets[J]. Chinese Journal of REBBAA A, CULP-HILL R, D’ALESSANDRO A,
Animal Nutrition, 2018, 30(6): 2097-2108 (in Chinese). FREEDBERG DE, UHLEMANN AC, HOD EA.

[34] CARRIER J, AGHDASSI E, PLATT I, CULLEN 1J, Transfusional iron overload and intravenous iron
ALLARD JP. Effect of oral iron supplementation on infusions modify the mouse gut microbiota similarly to
oxidative stress and colonic inflammation in rats with dietary iron[J]. Npj Biofilms and Microbiomes, 2019, 5:
induced colitis[J]. Alimentary Pharmacology & 26.

Therapeutics, 2001, 15(12): 1989-1999. [43] mh#, k%, D=, XNE, mE. SERNEE

[35] XUE X, SHAH YM. Intestinal iron homeostasis and AN R E AR ] &R, 2017,

<l actamicro@im.ac.cn, & 010-64807516



UL | WY, 2023, 63(2) 637
38(1): 214-219. of organophosphorus pesticides, on serum lipid,
QU W, ZHANG Z, MA JZ, LIU H, YA N. Effect of hormones, inflammation, and gut microbiota[J].

[45]

[46]

probiotics on gut microbiota in mice evaluated by
high-throughput sequencing[J]. Food Science, 2017,
38(1): 214-219 (in Chinese).

DOSTAL A, FEHLBAUM S, CHASSARD C,
ZIMMERMANN MB, LACROIX C. Low

availability in continuous in vitro colonic fermentations

iron

induces strong dysbiosis of the child gut microbial
consortium and a decrease in main metabolites[J]. FEMS
Microbiology Ecology, 2013, 83(1): 161-175.

KAIZUKA K, HOSOGI Y, HAYAKAWA M, SHIBATA
Y, ABIKO Y. Human monoclonal antibody inhibits
Porphyromonas gingivalis hemagglutinin activity[J].
Journal of Periodontology, 2003, 74(1): 38-43.
GRENIER D, GOULET V, MAYRAND D. The
capacity of Porphyromonas gingivalis to multiply
under iron-limiting conditions correlates with its
pathogenicity in an animal model[J]. Journal of Dental
Research, 2001, 80(7): 1678-1682.

GRYAZNOVA MV, SOLODSKIKH SA, PANEVINA
AV, SYROMYATNIKOV MY, DVORETSKAYA YD,
SVIRIDOVA TN, POPOV ES, POPOV VN. Study of
microbiome changes in patients with ulcerative colitis
in the Central European part of Russia[J]. Heliyon,
2021, 7(3): e06432.

YANG FW, LI JW, PANG GF, REN FZ, FANG B.
Effects of diethyl phosphate, a non-specific metabolite

[49]

[51]

[52]

Molecules, 2019, 24(10): 2003.

YANG XZ, HE ZY, HU RZ, YAN JH, ZHANG QJ, LI
BZ, YUAN XP, ZHANG HF, HE JH, WU SS. Dietary
B-carotene on postpartum uterine recovery in mice:
Crosstalk between gut microbiota and inflammation[J].
Frontiers in Immunology, 2021, 12: 744425.
BURRICHTER AG, DORR S, BERGMANN P, HAIB S,
KELLER A, FOURNIER C, FRANCHINI P, ISONO E,
SCHLEHECK D. Bacterial microcompartments for
isethionate desulfonation in the taurine-degrading
human-gut bacterium Bilophila wadsworthia[J]. BMC
Microbiology, 2021, 21(1): 340.

NATIVIDAD JM, LAMAS B, PHAM HP, MICHEL
ML, RAINTEAU D, BRIDONNEAU C, DA COSTA G,
HYLCKAMA VLIEG J, SOVRAN B,
CHAMIGNON C, PLANCHAIS J, RICHARD ML,
LANGELLA P, VEIGA P, SOKOL H. Bilophila
high fat diet
metabolic dysfunctions in  mice[J].
Communications, 2018, 9: 2802.

GAZZOLA A, PANELLI S, CORBELLA M, MERLA
C, COMANDATORE F, de SILVESTRI A, PIRALLA A,
ZUCCARO V, BANDI C, MARONE P, CAMBIERI P.
Clostridioides  difficile-associated
diarrhea: comparison in recurrent and non-recurrent
infections[J]. Biomedicines, 2020, 8(9): 335.

van

wadsworthia aggravates induced

Nature

Microbiota in

http://journals.im.ac.cn/actamicrocn



